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(54) Acceleration sensor. 



(57) An acceleration sensor is disclosed which 
includes a capacitance-type acceleration detec- 
tion element (102) mounted on a ceramic base 
plate (109). The element comprises a movable 
electrode (202) mounted between a pair of fixed 
electrodes (201, 209). Acceleration of the sensor 
in a measurement direction causes the movable 
electrode to move relative to the fixed elec- 
trodes and the element has opposite ends in a 
direction perpendicular to the measurement di- 
rection (A). The acceleration detection element 
is mounted on the base at a first one of the 
opposite ends. 

Accordingly, the mounting surface of the ac- 
celeration sensor is parallel to the direction of 
acceleration to be detected. Thus the acceler- 
ation sensor can be surface-mounted on a prin- 
ted board, and more be easily mounted in an 
automobile air bag control system or the like. 
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The present invention relates to an acceleration 
sensor, and more particularly to an automobile air bag 
control apparatus using an acceleration sensor. 

One known acceleration sensor formed by layer- 
ing glass or silicon is described in JP-A-3-1 34570. 5 

JP-B-4-55267 (equivalent to US Patent No. US- 
A-4679434) discloses an acceleration sensor includ- 
ing a flat substrate having mounted thereon an accel- 
eration detecting element and an electronic circuit for 
detecting a change in electrostatic capacitance of the 10 
acceleration detecting element. The substrate is 
mounted in a metal housing. The acceleration sensor 
is fixed in place by means of screws to be inserted 
through mounting holes formed through metal flang- 
es in the housing. 15 

The direction of acceleration to be detected by 
the acceleration sensor is perpendicular to the mount- 
ing surface of the acceleration sensor. Further, the 
use of the metal housing makes the acceleration sen- 
sor heavy. This structure results in various limitations 20 
on the mounting of the acceleration sensor in a sys- 
tem using the sensor. 

In an air bag system, for example, a control unit 
of the air bag system is usually mounted in a horizon- 
tal direction of a vehicle, whereas the direction of ac- 25 
celeration to be detected by the acceleration sensor 
is the same as a longitudinal direction of the vehicle. 

Accordingly, in such an application, because of 
the fact that the direction of acceleration to be detect- 
ed by the acceleration sensor is perpendicular to the 30 
mounting surface of the acceleration sensor, it is nec- 
essary to mount the sensor perpendicular to the long- 
itudinal direction of the vehicle. This necessitates 
complex mechanical arrangements for the mounting 
of the sensor. 35 

Moreover, because of the relatively large weight 
of the acceleration sensor itself, the sensor is liable 
to mechanically resonate (which causes an error in 
detection of the acceleration). 

JP-A-5- 340963 discloses an acceleration sensor 40 
in which the acceleration detecting element is also 
mounted on a base plate such that the direction of ac- 
celeration to be detected is perpendicular to the base 
plate. The base plate is itself however mounted per- 
pendicular to the metal base of the acceleration sen- 45 
sot housing, such that the direction of acceleration to 
be detected by the sensor is parallel to the mounting 
surface of the sensor. However, this construction still 
results in a complex and bulky device. 

EP-B-0369352 discloses a capacitance-type ac- so 
celerometer comprising three parallel silicon plates, 
the central one of which includes a movable electrode 
part. The plates are insulated from each other using 
thermal-oxide films in all areas between the plates 
except those adjacent the movable electrode. There 55 
is no discussion of a method of mounting the accet- 
erometer. 

It is an object of the present invention to provide 



an acceleration sensor which mitigates some of the 
above disadvantages. 

In a first aspect the present invention provides an 
acceleration sensor including a base and an acceler- 
ation detection element of capacitance type mounted 
on the base. The acceleration detection element has 
a movable electrode mounted adjacent a fixed elec- 
trode such that acceleration of the sensor in a meas- 
urement direction causes the movable electrode to 
move relative to the fixed electrode. The element fur- 
ther has opposite ends in a direction perpendicular to 
the measurement direction, and the acceleration de- 
tection element is mounted on the base at a first one 
of the opposite ends. 

The acceleration detection element being mount- 
ed at a first one of the opposite ends means that the 
first one of the ends is directed generally towards the 
base. The end need not necessarily contact the base 
and in some embodiments the end is separated from 
the base by bonding material, such as an elastomeric 
adhesive, used to bond the acceleration detection 
element to the base. 

Thus, the acceleration detecting element of the 
acceleration sensor is arranged so that the direction 
of acceleration to be detected by the acceleration 
sensor is parallel to a mounting surface of the accel- 
eration sensor. Accordingly, the direction of acceler- 
ation to be detected by the acceleration sensor 
mounted on the mounting surface is parallel to the 
surface, thereby making the mounting of the acceler- 
ation sensor easier. 

Further, the acceleration detecting element may 
be airtightly sealed by a mounting surface or sub- 
strate on which the acceleration detecting element is 
mounted, and by a cover mounted on the substrate so 
as to surround the acceleration detecting element, 
thereby reducing the weight of the acceleration sen- 
sor without use of a metal housing. Accordingly, even 
when the acceleration sensor is fixed to a printed 
board having a low mechanical rigidity, little or no res- 
onance of the acceleration sensor occurs. 

The element may comprise a movable electrode 
mounted between a pair of fixed electrodes. Prefer- 
ably, the element has at least one end face which is 
substantially parallel to the direction of acceleration 
detectable by motion of the movable electrode, 
wherein the element is mounted on the base such that 
the end or end face lies on the base. The end face 
may be separated from the base by e.g. a fixing me- 
dium such as an adhesive. 

Preferably, the movable electrode is supported 
by a flexible beam which extends from the movable 
electrode towards the other of the opposite ends. 

By locating the beam end of the movable elec- 
trode away from the base the effect of vibrations on 
the acceleration detection element are reduced. 

Preferably, the element has a pair of end faces 
which are each substantially parallel to the direction 
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of acceleration detectable by motion of the movable 
electrode. A first one of the pair of end faces is the 
most remote from the beam, and the element is 
mounted on the base such that the first end face lies 
on the base. 

Preferably, the acceleration detection element in- 
cludes at least one electrical connection terminal lo- 
cated at the other of the opposite ends. 

Preferably the at least one electrical connection 
terminal for electrical connection to the acceleration 
detection element is located in an end region of the 
acceleration detection element remote from the end 
or end face which lies on the base. Preferably the sen- 
sor includes at least first and second electrical con- 
nection terminals for electrical connection to the mov- 
able electrode and the fixed electrode respectively, 
and possibly a third electrical connection terminal for 
connection to a second fixed electrode. 

The above arrangements provide relatively easy 
access to the terminals and allow for easier connec- 
tion of e.g. wires thereto. 

The acceleration detection element may be at- 
tached to the base by elastomeric adhesive, such as 
silicone rubber. This provides a relatively secure at- 
tachment whilst also giving some insulation of the ac- 
celeration detection element from external vibrations. 

Preferably, the base is a ceramic base such as a 
ceramic plate and the sensor further includes signal 
processing means mounted on the base, the signal 
processing means being electrically connected by 
electrical connection means to the acceleration de- 
tection element, and the signal processing means be- 
ing adapted to convert electrical information output 
from the element into an electrical signal related to 
acceleration detected by the element 

Advantageously, the ceramic base includes 
therein or thereon the electrical connection means. In 
other words, the ceramic base may also be a circuit 
board having tracks or other circuit elements located 
therein or thereon. Preferably, the electrical connec- 
tion means connect the signal processing means to 
the movable electrode and the fixed electrode. 

Preferably, the element includes at least first and 
second electrical connection terminals for electrical 
connection to the movable electrode and the fixed 
electrode respectively, and the terminals are con- 
nected using solder directly to electrical connection 
means on the base. 

In a second aspect, the present invention pro- 
vides electrical apparatus including an acceleration 
sensor as described above mou nted on a circuit board 
using mounting means, such as solder, wherein the 
mounting means also provide electrical connection 
between the circuit board and the acceleration sen- 
sor. 

In this way, a more compact packaging for the ac- 
celeration sensor included in the electrical apparatus 
may be provided. Such a packaging may, for exam- 



ple, be a leadless chip carrier. 

The acceleration sensor may be mounted on the 
circuit board such that the base (e.g. a base plate) is 
substantially perpendicular to the circuit board. In this 

5 way the direction of acceleration detection may be 
chosen to be either parallel or perpendicular to the cir- 
cuit board as required. 

In one embodiment, the movable electrode com- 
prises a first semiconductor layer which is mounted 

w between first and second insulating layers, there be- 
ing a pair of the fixed electrodes provided respective- 
ly on faces of the first and second insulating layers 
adjacent the movable electrode. The acceleration 
sensor further includes second and third semicon- 

15 ductor layers each respectively mounted on a face of 
the first and second insulating layers remote from the 
movable electrode, with each of the fixed electrodes 
being connected to a different one of the second and 
third semiconductor layers. 

20 According to a third aspect, the present invention 

provides an acceleration sensor including an acceler- 
ation detection element mounted on a ceramic base, 
and signal processing means mounted on the base 
and electrically connected by electrical connection 

25 means to the acceleration detection element. The 
base includes electrical tracks being part of the elec- 
trical connection means and the signal processing 
means are adapted to convert electrical information 
output from the element to an electrical signal related 

30 to acceleration detected by the element. 

According to a fourth aspect the present inven- 
tion provides, electrical apparatus including a circuit 
board; and an acceleration sensor mounted on the 
circuit board. The acceleration sensor includes an ac- 

35 celeration detection element mounted on a ceramic 
base, and signal processing means mounted on the 
ceramic base and electrically connected by electrical 
connection means to the acceleration detection ele- 
ment. 

40 The signal processing means are adapted to con- 
vert electrical Information output from the accelera- 
tion detection element to an electrical signal related 
to acceleration detected by the acceleration detection 
element 

45 The ceramic base includes an electrical conduc- 
tor pad mounted thereon. The electrical conductor 
pad is electrically connected to both the signal proc- 
essing means and the circuit board, and the electrical 
connection to the circuit board is by direct contact of 

so the electrical connector pad with the circuit board. 

Preferably, the acceleration sensor is mounted 
on the circuit board using mounting means such as 
solder, and the mounting means also provide elect il- 
eal connection between the circuit board and the ac- 

55 celeration sensor. 

In the third and fourth aspects, the invention is 
applicable to sensors having acceleration elements 
of various different types, such as a strain gauge type 
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and a piezoelectric type, but it is especially applicable 
to the capacitative type. 

According to a fifth aspect, the present invention 
provides an automobile air bag control system includ- 
ing an acceleration sensor or electrical apparatus ac- 
cording to any of the above aspects. 

Embodiments of the invention will now be descri- 
bed by way of non-limitative examples with reference 
to the accompanying drawings. In the drawings: 

Fig. 1 is a general sectional view of an accelera- 
tion sensor according to a first preferred embodiment 
of the present invention. 

Fig. 2 is a sectional view in more detail of an ac- 
celeration detecting element in the acceleration sen- 
sor of Fig. 1. 

Fig. 3 is a sectional view showing a first mounting 
structure of the acceleration detecting element of Fig. 
2. 

Fig. 4 is a sectional view showing a modified 
mounting structure of the acceleration detecting ele- 
ment of Fig 2. 

Fig. 5 is a sectional view showing another form of 
the acceleration detecting element and its mounting 
structure, which can be used in the sensor of Fig. 1. 

Fig. 6 is a sectional view showing another config- 
uration and mounting structure of the acceleration 
detecting element of Fig. 5. 

Fig. 7 is a sectional view showing another mount- 
ing structure of the acceleration detecting element of 
Fig. 2. 

Fig. 8 is a sectional view showing yet another 
mounting structure of the acceleration detecting ele- 
ment of Fig. 2. 

Fig. 9 is a sectional view of an acceleration sen- 
sor according to a second preferred embodiment of 
the present invention. 

Fig. 10 is a perspective view of an acceleration 
sensor according to a third preferred embodiment of 
the present invention. 

Fig. 11 is a cross section taken along the line A- 
A'in Fig. 10. 

Fig. 12 is a sectional view of an acceleration sen- 
sor according to a fourth preferred embodiment of the 
present invention. 

Fig. 13 is a sectional view of an acceleration sen- 
sor according to a fifth preferred embodiment of the 
present invention. 

Fig. 14 is a perspective view of a triaxial acceler- 
ation sensor according to the present invention. 

Fig. 15 is a sectional view of a control unit of an 
air bag system employing an acceleration sensor ac- 
cording to an embodiment of the present invention. 

Fig. 16 is a block diagram of an air bag control 
system. 

An acceleration sensor according to a first prefer- 
red embodiment of the present invention will now be 
described with reference to Fig. 1. Fig. 1 is a general 
schematic sectional view of the acceleration sensor 



according to the first preferred embodiment. This ac- 
celeration sensor includes a ceramic substrate or 
base plate 109, an acceleration detecting element 
1 02 mounted on the ceramic substrate 1 09 for detect- 

5 ing acceleration having a direction parallel to the cer- 
amic substrate 109 (shown as direction of arrow A), 
an electronic circuit 103 (or signal processing means) 
mounted on the ceramic substrate 1 09 for converting 
information output from the acceleration detecting 

10 element 1 02 to an electric signal according to the ac- 
celeration, and a ceramic cover 101 bonded to the 
ceramic substrate 109 to thereby airtightly seal the 
acceleration detecting element 102 and the electron- 
ic circuit 103. 

15 The acceleration detection element 102 has op- 

posite ends 110 and 111 in a direction perpendicular 
to the measurement direction A. In this embodiment 
both ends are end faces, but this need not be the 
case. The acceleration detection element is mounted 

20 on the base 109 at a first one 110 of the opposite 
ends. 

The wiring between the electronic circuit 103 and 
the outside of the acceleration sensor is effected by 
conductor patterns (or pads) 104 and 106 printed on 

25 the ceramic substrate 109. The conductor patterns 
1 04 and 1 06 are used also as soldering pads for f being 
the ceramic substrate 109 to a printed board 108 and 
for effecting wiring to the printed board 108. 

That is, as shown in Fig. 1, solders 105 and 107 

30 are provided between the conductor pattern 104 and 
the printed board 108 and between the conductor pat- 
tern 106 and the printed board 108, respectively, 
thereby effecting the fixation of the ceramic substrate 
109 to the printed board 108 and the wiring to the 

35 printed board 108. 

Electrical connection between the circuit 103 and 
either or both of the sensor 102 and/or the patterns 
104, 106 may be effected by wiring or by tracks in- 
cluded in or on the substrate 109. 

40 An acceleration detecting element formed by 
layering glass or silicon will now be described with ref- 
erence to Fig. 2. Fig. 2 shows a sectional structure of 
the acceleration detecting element adapted to detect 
acceleration in the direction of arrow A. The acceler- 

45 ation detecting element is constructed of glass layers 
204 and 208 and a silicon layer 206. The central sili- 
con layer 206 is formed with a beam 210 and a mov- 
able electrode 202 supported by the beam 210 and 
adapted to move according to acceleration. 

50 The upper and lower glass layers 204 and 208 are 
provided with fixed electrodes 201 and 209, respec- 
tively, opposed to the movable electrode 202. The 
fixed electrodes 201 and 209 and the movable elec- 
trode 202 are connected to pads 203, 207, and 205, 

55 respectively, to effect electrical connection to the out- 
side. 

Accordingly, when acceleration acts on the ac- 
celeration detecting element in a direction of stacking 
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of the layers 204, 206, and 208, the movable elec- 
trode 202 is moved in this direction of acceleration to 
be detected. As a result, an electrostatic capacity or 
capacitance between the movable electrode 202 and 
the fixed electrode 201 is changed, and an electro- 
static capacity between the movable electrode 202 
and the fixed electrode 209 is also changed. Thus, 
such changes in electrostatic capacity are detected to 
thereby obtain an output according to the accelera- 
tion. 

The device may include only a single fixed elec- 
trode, with electrostatic capacitance being measured 
between the fixed electrode and the movable elec- 
trode. 

A first mounting structure of an acceleration de- 
tecting element 102 according to the present inven- 
tion will now be described with reference to Fig. 3. The 
acceleration detecting element 102 shown in Fig. 3 Is 
the same as the acceleration detecting element 
shown in Fig. 2. To ensure parallelism and adhesive 
strength of the acceleration detecting element 102 in 
fixing the acceleration detecting element 102 to a cer- 
amic substrate 109, the length of the acceleration de- 
tecting element 102 in its layering direction is in- 
creased to increase an area of a bonding surface of 
the acceleration detecting element 102 to be bonded 
to the ceramic substrate 109. 

The bonding surface of the acceleration detect- 
ing element 102 is bonded through an elastomeric ad- 
hesive e.g. silicone rubber 504 to the ceramic sub- 
strate 109. The bonding surface of the acceleration 
detecting element 102 is selected so that the beam 
210 is farthest from the bonding surface, thereby re- 
ducing any influence on the acceleration detecting 
element 102 due to a stress acting from the ceramic 
substrate 109. The wiring from the acceleration de- 
tecting element 102 to the ceramic substrate 109 is 
effected by wire bonding of gold wires 501, 502, and 
503 to the pads 203, 205, and 207, respectively. 

A second mounting structure of an acceleration 
detecting element according to the present invention 
will now be described with reference to Fig. 4. Fig. 4 
is a sectional view of the acceleration sensor accord- 
ing to the present invention. This acceleration sensor 
includes a ceramic substrate 109, an acceleration de- 
tecting element 102 mounted on the ceramic sub- 
strate 109 for detecting acceleration having a direc- 
tion parallel to the ceramic substrate 1 09, an electron- 
ic circuit 604 mounted on the ceramic substrate 109 
for converting information output from the accelera- 
tion detecting element 102 to an electric signal ac- 
cording to the acceleration, and a ceramic cover (not 
shown) bonded to the ceramic substrate 109 to there- 
by airtightly seal the acceleration detecting element 
102 and the electronic circuit 604. The wiring be- 
tween the electronic circuit 604 and the outside of the 
acceleration sensor is effected by electrical connec- 
tion means, such as a conductor pattern (e.g. tracks) 



printed on the ceramic substrate 109. Further, the 
conductor pattern may be connected through a gold 
wire to the ceramic cover by wire bonding. 

Another form of an acceleration detecting ele- 

5 ment according to the present invention will now be 
described with reference to Fig. 5. First, the structure 
of the acceleration detecting element shown in Fig. 5 
will be described. The acceleration detecting element 
is constructed of silicon layers 802, 805, and 808 and 

10 glass layers 803 and 806. The central silicon layer 
805 is formed with a movable electrode 810 adapted 
to move according to acceleration and a beam 809 for 
supporting the movable electrode 810. The glass lay- 
ers 603 and 806 are provided with fixed electrodes 

15 811 and 812, respectively, opposed to the movable 
electrode 810. 

Accordingly, when acceleration acts on the ac- 
celeration detecting element in a direction of stacking 
of the layers, the movable electrode 810 is moved in 

20 this direction of acceleration to be detected. As a re- 
sult, an electrostatic capacity between the movable 
electrode 810 and the fixed electrode 811 and an 
electrostatic capacity between the movable elec- 
trode 810 and the fixed electrode 812 are changed. 

25 Thus, such changes in electrostatic capacity are de- 
tected to thereby obtain an output according to the ac- 
celeration. 

The wiring from the fixed electrodes 811 and 812 
to the outside is effected by the silicon layers 802 and 

30 808 and pads or electrical connection terminals 801 
and 807 provided thereon. The wiring from the mov- 
able electrode 81 0 to the outside is effected by a pad 
804 provided on the silicon layer 805. 

The acceleration detecting element is fixed to a 

35 ceramic substrate 109 by soldering of the pads direct- 
ly to the substrate using solder 814, 815 and 816. 
Thus the ceramic substrate is also used as a circuit 
board. 

Further, the length of the acceleration detecting 

40 element in its layering direction is increased to there- 
by increase an area of a bonding surface and accord- 
ingly increase a bonding strength of the acceleration 
detecting element to the ceramic substrate 109. 
In addition, the bonding surface of the accelera- 

45 tion detecting element is selected so that the beam 
809 is farthest from the bonding surface, thereby re- 
ducing an influence of stress acting from the ceramic 
substrate 109 to the acceleration detecting element. 
Figure 6 shows a mounting structure for an accei- 

50 eration detecting element similar to that shown in Fig. 
5. However in the embodiment illustrated in Fig. 6 the 
electrical connection terminals 801, 804 and 807 are 
provided on the surfaces of the silicon layers 802, 805 
and 808 on the end region of the element remote from 

55 the ceramic plate 109. The acceleration detecting ele- 
ment is fixed to the ceramic plate 109 using silicone 
rubber adhesive 813 and, although not shown, wiring 
from the acceleration detecting element to the ceram- 
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ic plate 109 is effected by a wire bonding of gold wires 
to the pads 801 , 804 and 607. 

A fifth mounting structure of an acceleration de- 
tecting element 102 according to the present inven- 
tion will now be described with reference to Fig. 7. The 5 
acceleration detecting element 102 shown in Fig. 7 is 
the same as the acceleration detecting element 
shown in Fig. 2. The acceleration detecting element 
is bonded through silicone rubber 906 to a ceramic 
substrate 907. Conductor patterns or pads 904 and 10 
908 formed on the ceramic substrate 907 are con- 
nected through solders 905 and 909 to a ceramic sub- 
strate 109. Thus, the acceleration detecting element 
102 is fixed to the ceramic substrate 109. The wiring 
from the acceleration detecting element 102 to the is 
ceramic substrate 109 is effected by wire bonding of 
gold wires 901 , 902, and 903 from pads 203, 205, and 
207 to the conductor pattern 904 and by the solder 
905 from the conductor pattern 904 to the ceramic 
substrate 109. 20 

A sixth mounting structure of an acceleration de- 
tecting element 1 02 according to the present inven- 
tion will now be described with reference to Fig. 8. The 
acceleration detecting element 102 shown in Fig. 8 is 
the same as the acceleration detecting element 25 
shown in Fig. 2. In this mounting structure, a vertical 
member 1 005 is provided on a ceramic substrate 1 09, 
and the acceleration detecting element 102 is bonded 
through silicone rubber 1004 to the vertical member 
1005. Gold wires 1001, 1002, and 1003 are connect- 30 
ed between pads 203, 205, and 207 and the vertical 
member 1005. According to this mounting structure, 
the provision of the vertical member 1005 standing on 
the ceramic substrate 109 improves the vertical ac- 
curacy of mounting of the acceleration detecting ele- 35 
ment 102. 

An acceleration sensor according to a second 
preferred embodiment of the present invention will 
now be described with reference to Fig. 9. Fig. 9 is a 
sectional view of the acceleration sensor according to 40 
the second preferred embodiment, adapted to detect 
acceleration in the direction of arrow A. This acceler- 
ation sensor includes a ceramic substrate 1101, an 
acceleration detecting element 1103 mounted on the 
ceramic substrate 1101 for detecting acceleration 45 
having a direction perpendicular to the ceramic sub- 
strate 11 01, an electronic circuit 1104 mounted on the 
ceramic substrate 1101 for converting information 
output from the acceleration detecting element 1103 
to an electric signal according to the acceleration, and so 
a ceramic cover 1102 bonded to the ceramic sub- 
strate 1101 to thereby airtightly seal the acceleration 
detecting element 1103 and the electronic circuit 
1104. 

Electrical connection between the electronic cir- 55 
cuit 1104 and the outside of the acceleration sensor 
is effected by a conductor pattern or pad 1105 printed 
on the ceramic substrate 1101. The conductor pattern 



1105 and another conductor pattern or pad 1107 
formed on the ceramic cover 1102 are used also as 
soldering pads for fixing the ceramic substrate 1101 
and the ceramic cover 1102 to a printed board 108. 
That is, as shown in Fig. 9, solders 1106 and 1108 are 
provided between the conductor pattern 1 105 and the 
printed board 108 and between the conductor pattern 
1107 and the printed board 108, respectively. 

An acceleration sensor according to a third pre- 
ferred embodiment of the present invention will now 
be described with reference to Figs. 10 and 11. Fig. 
1 0 is a perspective view of the acceleration sensor ac- 
cording to the third preferred embodiment, and Fig. 11 
is a cross section taken along the line A-A' in Fig. 10. 
This acceleration sensor includes a ceramic sub- 
strate 1207, an acceleration detecting element 1301 
mounted on the ceramic substrate 1207 for detecting 
acceleration having a direction perpendicular to the 
ceramic substrate 1207, an electronic circuit 1302 
mounted on the ceramic substrate 1207 for convert- 
ing information outputfromthe acceleration detecting 
element 1 301 to an electric signal according to the ac- 
celeration, and a ceramic cover 1201 bonded to the 
ceramic substrate 1207 to thereby airtightly seal the 
acceleration detecting element 1301 and the elec- 
tronic circuit 1302. 

The acceleration sensor is adapted to be mount- 
ed on a control unit of an air bag system or the like 
by using mounting holes 1202 and 1203 formed 
through the ceramic substrate 1207 and the sensor 
detects acceleration in the direction of arrow A. Fur- 
ther, leads 1204, 1205, and 1206 are mounted on the 
ceramic substrate 1207 to effect easy wiring to exter- 
nal equipment 

An acceleration sensor according to a fourth pre- 
ferred embodiment of the present invention will now 
be described with reference to Fig. 12. Fig. 12 is a 
sectional view of the acceleration sensor according to 
the fourth preferred embodiment adapted to detect 
acceleration in the direction of arrow A. This acceler- 
ation sensor includes a ceramic substrate 1405, an 
acceleration detecting element 1402 mounted on the 
ceramic substrate 1405 for detecting acceleration 
having a direction perpendicular to the ceramic sub- 
strate 1405, an electronic circuit 1403 mounted on the 
ceramic substrate 1405 for converting information 
output from the acceleration detecting element 1402 
to an electric signal according to the acceleration, and 
a metal cover 1401 bonded to the ceramic substrate 
1405 to thereby airtightly seal the acceleration de- 
tecting element 1402 and the electronic circuit 1403. 
The acceleration sensor is adapted to be mounted on 
a side surface of a control unit of an air bag system 
or the like by using mounting holes 1404 and 1406 
formed through the metal cover 1401. 

An acceleration sensor according to a fifth pre- 
ferred embodiment of the present invention will now 
be described with reference to Fig. 13. Fig. 13 is a 
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sectional view of the acceleration sensor according to 
the fifth preferred embodiment This acceleration 
sensor includes a ceramic substrate 1509, an accel- 
eration detecting element 1502 mounted on the cer- 
amic substrate 1509 for detecting acceleration having 
a direction perpendicular to the ceramic substrate 
1509, an electronic circuit 1503 mounted on the cer- 
amic substrate 1509 for converting information output 
from the acceleration detecting element 1502 to an 
electric signal according to the acceleration, and a 
ceramic cover 1501 bonded to the ceramic substrate 
1509 to thereby airtightly seal the acceleration de- 
tecting element 1502 and the electronic circuit 1503. 

The acceleration sensor is mounted on a printed 
board 1508 by fixing the ceramic substrate 1509 
through conductor patterns 1 504 and 1 506 formed on 
the ceramic substrate 1509 and solders 1505 and 
1507 to the printed board 1508. The conductor pat- 
terns 1504 and 1506 are used also as wiring means 
for wiring the electronic circuit 1503 to the printed 
board 1508. 

In the acceleration sensor according to this pre- 
ferred embodiment, a mounting surface of the accel- 
eration sensor is perpendicular to the direction of ac- 
celeration to be detected (arrow A). Accordingly, the 
acceleration sensor can be surface-mounted on any 
systems as applied to control vibration of a vehicle, 
e.g. other than an air bag system. 

A triaxial acceleration sensor according to the 
present invention wilt now be described with refer- 
ence to Fig. 14. This triaxial acceleration sensor in- 
cludes a ceramic substrate 1604 and three accelera- 
tion detecting elements 1601, 1602, and 1603 mount- 
ed on the ceramic substrate 1604 so that the direc- 
tions of accelerations to be detected by the accelera- 
tion detecting elements 1601, 1602, and 1603 are 
perpendicular to one another (shown by arrows D, B 
and C respectively). 

Although not shown in Fig. 14, the triaxial sensor 
may also include an electronic circuit and a ceramic 
cover. The acceleration detecting elements 1601, 
1602, and 1603 detect acceleration in mutually per- 
pendicular directions and the electronic circuit con- 
verts information output from the acceleration detect- 
ing elements 1601, 1602, and 1603 to electrical sig- 
nals, thereby detecting acceleration in any of the 
three perpendicular directions. 

An air bag system employing the acceleration 
sensor according to the present invention will now be 
described with reference to Figs. 15 and 16. Fig. 15 
is a sectional view of a control unit of the air bag sys- 
tem showing direction of acceleration detection by ar- 
row A, and Fig. 16 is a block diagram of the air bag 
control system. 

The air bag system is constructed of a case 1 701 
and a printed board 1704 mounted in the case 1701. 
An acceleration sensor 1703 and an electronic circuit 
1702 are mounted on the printed board 1704. The air 



bag system is characterized in that the acceleration 
sensor 1703 is surface-mounted on the printed board 
1704. 

Furthermore, the acceleration sensor 1703 is 
5 fixed at a position near a fixed portion of the printed 
board 1704 fixed to the case 1701, so as to reduce 
any influence due to resonance of the printed board 
1704. 

Referring to Fig. 16, the air bag system is conv 
10 posed of an acceleration sensor 1801 for detecting 
acceleration or collision of a vehicle, a microcomputer 
1802 for computing the magnitude of the collision 
from an output from the acceleration sensor 1 801 and 
determining whether or not an air bag should be ex- 
15 panded, and a drive circuit 1803 for amplifying an out- 
put from the microcomputer 1802 to drive the air bag 
(output E). 

Although the acceleration sensors herein descri- 
bed with reference to the drawings are of an electro- 
20 static capacitance type, any other types of accelera- 
tion sensor such as a strain gauge type or a piezo- 
electric type may be used in the invention where ap- 
propriate. 

While the invention has been illustrated by spe- 
25 cific embodiments, it is not limited to those embodi- 
ments, and extends to all modifications and improve- 
ments in accordance with the concept of the inven- 
tion. 

30 

Claims 

1. An acceleration sensor including: 

a base (201, 209, 811, 812); and 
35 an acceleration detection element (102, 

1103, 1301, 1402, 1502, 1601, 1602, 1603) of ca- 
pacitance type mounted on said base, said accel- 
eration detection element having a movable elec- 
trode (202, 810) mounted adjacent a fixed elec- 
40 trode (201, 209, 811 , 812) such that acceleration 
of the sensor in a measurement direction causes 
said movable electrode to move relative to said 
fixed electrode, said acceleration detection ele- 
ment further having opposite ends (110, 111) in a 
45 direction perpendicular to said measurement di- 
rection; 

characterised in that said acceleration de- 
tection element is mounted on said base at a first 
one (110) of said opposite ends. 

50 

2. An acceleration sensor according to claim 1 
wherein said movable electrode is supported by 
a flexible beam (210, 810) which extends from 
said movable electrode towards the other one 

55 (111) of said opposite ends. 

3. An acceleration sensor according to claim 1 or 
claim 2 wherein said acceleration detection ele- 
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ment includes at least one electrical connection 
terminal (203. 205, 207, 701, 801, 804, 807) lo- 
cated at the other one (111) of said opposite ends. 



6. An acceleration sensor according to daim 5 
wherein said ceramic base includes electrical 
tracks being part of said electrical connection 
means. 

7. An acceleration sensor according to claim 5 or 
claim 6 wherein said electrical connection means 
connect said signal processing means to said 
movable electrode and said fixed electrode. 

8. An acceleration sensor according to any one of 
claims 5, 6 or 7 wherein said element includes 
first (804), and second (801, 807) electrical con- 
nection terminals for electrical connection to said 
movable electrode and said fixed electrode re- 
spectively, and said terminals are connected us- 
ing solder directly to said electrical connection 
means on said base. 

9. An acceleration sensor according to any one of 
the above claims wherein said movable electrode 
comprises a first semiconductor layer (805) 
which is mounted between first (803) and second 
(806) insulating layers, one of each of a pair of 
fixed electrodes (811, 812) being provided re- 
spectively on a face of said first and second in- 
sulating layers adjacent said movable electrode, 

said acceleration sensor further including 
second (802) and third (808) semiconductor lay- 
ers each respectively mounted on a face of said 
first and second insulating layers remote from 
said movable electrode, each of said fixed elec- 
trodes being connected to a different one of said 
second and third semiconductor layers. 

10. An acceleration sensor including an acceleration 



detection element (102, 1103, 1201, 1402, 1502, 
1601, 1602, 1603) mounted on a ceramic base 
(201, 209, 811, 812), and signal processing 
means (103, 1104, 1302, 1403, 1503, 1702) 
mounted on said base and electrically connected 
by electrical connection means to said accelera- 
tion detection element, 

said base including electrical tracks being 
part of said electrical connection means, 

said signal processing means being 
adapted to convert electrical information output 
from said acceleration detection element to an 
electrical signal related to acceleration detected 
by said acceleration detection element 

1 1 . Electrical apparatus including an acceleration sen- 
sor according to any one of the above claims mount- 
ed on a circuit board (108, 1704) using mounting 
means (1 105, 1 1 07), wherein said mounting means 
also provide electrical connection between said cir- 
cuit board and said acceleration sensor. 

12. Electrical apparatus according to claim 12 
wherein said acceleration sensor is mounted on 

25 said circuit board such that said base is substan- 
tially perpendicular to said circuit board. 

13. Electrical apparatus including a circuit board 
(108, 1704); and 

30 an acceleration sensor mounted on said 

circuit board, said acceleration sensor including 
an acceleration detection element (102, 1103, 
1301, 1402, 1502, 1601, 1602, 1603) mounted on 
a ceramic base (201, 209, 811, 812), and signal 

35 processing means (103, 1104, 11302, 1403, 
1503, 1702) mounted on said ceramic base and 
electrically connected by electrical connection 
means to said acceleration detection element 
said signal processing means being 

40 adapted to convert electrical information output 
from said acceleration detection element to an 
electrical signal related to acceleration detected 
by said acceleration detection element, 

said ceramic base including an electrical 

45 conductor pad (104, 106, 1105, 1107) mounted 
thereon, said electrical conductor pad being electri- 
cally connected to both said signal processing 
means and said circuit board, said electrical con- 
nection to said circuit board being by direct contact 

50 of said electrical conductor pad with said circuit 
board. 

14. Electrical apparatus according to claim 13 
wherein said acceleration sensor is mounted on 

55 said circuit board using mounting means (105, 
107, 1106, 1108), and said mounting means also 
provide electrical connection between said circuit 
board and said acceleration sensor. 



4. An acceleration sensor according to any one of 5 
the above claims wherein said element is attach- 
ed to said base by elastomeric adhesive (504, 
813, 906, 1004). 

5. An acceleration sensor according to any one of 10 
the above claims wherein said base is a ceramic 
base and said sensor further includes signal 
processing means (103, 1104, 1302, 1403, 1503, 
1702) mounted on said base, 

said signal processing means being elec- 15 
tricafly connected by electrical connection means 
to said acceleration detection element, and 

said signal processing means being 
adapted to convert electrical information output 
from said element into an electrical signal related 20 
to acceleration detected by said element 
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